Abstract: Unusual methane emission and spontaneous combustion of coal induced by the air leakage are both hazards during mining. The most common practice has been to improve mine safety is sealing the mining fractures. In this paper, the methane and geology, coal spontaneous combustion characteristics and the coexistence of methane emission and spontaneous combustion of coal were analyzed. The preparation system of inorganic solidified foam (ISF) in field applications is studied and the working principle of generating device consists of foam generator and mixer was expounded. The technical plan of site construction is that the foam fluids was injected to respectively seal the mining fractures behind hydraulic supports, the cavities of air return corner, and the fractures nearby the coal pillar. After the foam fluids injection, the two stress values in the coal pillar eventually maintained above 15.5Mpa and 13Mpa, respectively. It indicated that the ISF can enhance the bearing stress ability of the coal pillar by transforming the stress state from two dimensional to three dimensional. The methane concentration in the air return corner and air return roadway declined significantly to 0.63% and 0.25%. The differential pressure inside and outside of the 4301(1) goaf fluctuated between -100pa to 150pa and the concentration of CO and O2 declined to 9ppm and 6%. The CO concentration in the air return corner finally reached a stable level of 6ppm. What that all means, the foam fluids can seal the air leakage and inhibit spontaneous combustion of coal effectively. 
Methane associated with coal seams are formed as a result of the coalification process.
(1) The methane found in coal seams poses a hazard when encountered in sufficient quantities in the coal seam. Large amounts of methane are released in the mine working faces gradually as mining progresses. (2) Since methane in mines can cause a variety of problems ranging from asphyxiation (the concentrations of carbon dioxide above 1-2% in air have a major detrimental physiological effects) and burning to violent explosions (explosive range of 5-15%), (3) (4) (5) the maximum allowable concentration of methane in the atmosphere in China coal mines is 1%. (6) The methane explosion in the Sun Jiawan coal mine was caused by abnormal methane emission and aggregation in the 3316 air return roadway. (7) On the other hand, atmospheric methane is the second most important greenhouse gas next to carbon dioxide, accounting for >15% of the global warming. (8, 9) The methane emission sources can be divided into coal wall ahead of the working face, goaf behind the working face, the nearby goaf, and the lower slicing coal seam. All of these sources apply methane by the fractured channels induced by coal mining.
Although extensive research has been carried out to control unusual methane emissions in coal mines, the common practice has been to improve mine safety by sealing the mining fractures.
According to the COCT (coal-oxygen complex theory), oxygen plays a vital role in igniting spontaneous combustion. (10) (11) (12) The spontaneous combustion of coal is due to the heat produced by the exothermic reaction between coal and oxygen permeating through the mining fractures. (13, 14) Any fire requires three elements to propagate: fuel, oxygen, and a source of heat. If any one of the three sides of the fire triangle is removed, a fire cannot continue to burn. Oxygen removal depends on either the introduction of an inert gas or the isolation of the fire zone from sources of fresh air. If the air leakage can be sealed, the fire may eventually be extinguished after a long time.
So when the unusual methane emission and spontaneous combustion of coal coexist, the fracture filling and sealing is the effective prevention measure. The existing mining fracture sealing materials can be divided into two categories of inorganic and organic. The inorganic materials include fly ash, colloid mud, composite coating materials, etc. (15) (16) (17) The organic materials mainly contain polymer gel, foam gel, polyurethane foam, etc. (18) (19) (20) They play an active role in the process of sealing air leakage;
however, some shortages still exist: such as fly ash, the fly ash slurry only flows along the low-lying fracture channels and it cannot uniformly permeate into the mining fractures in higher places; colloid mud, it accompanies the shortages of poor liquidity, difficult to convey for long distance; composite coating materials, it is only applicable to spray surface fractures; polymer gel, it owns a poor water retention and is easy to dry; foam gel, it is unable to bear the mining stress; polyurethane foam, the heat production of the polymerization reaction is great and may break down to release cyanide at a high temperature. In order to overcome the deficiency of the existing technology of mining fractures filling and sealing, inorganic solidified foam (ISF) was prepared. (21) The fresh state of ISF (foam fluid) can accumulate to high positon, cover and cool high temperature mining fractures. Simultaneously, it owns good heat insulation ability, thermal stability, and adjustable coagulation time. When it is solidified, the ISF can undertake the mining stress and effectively control the secondary deformation of the coal and rock for filling the fracture channel a long time.
In this study, the methane and geology, coal spontaneous combustion characteristics and the coexistence of methane emission and spontaneous combustion of coal were analyzed. Then the preparation system of ISF in field applications and the technical plan of site construction were studied.
Finally, In order to better reflect the mainly application effect, the following aspects such as the fracture filling and reinforcing, air leakage sealing, and index gases of coal spontaneous combustion inhibiting were investigated.
2 Background of the study area in the coal mine
Methane and geology
The Luwa coal mine was located in the town of Zhanghuang, Yutai County, Shandong province. Its verification of production capacity is 1.2 million t/a. At present, the main mining coal seam is 3# with the average thickness of 9.14 m. The roof of the 3# coal seam is mainly composed of mudstone and sandstone, and the floor is mudstone. According to the three dimensional geophysical exploration and the actual exposing situation when mining roadway, five faults with the gap more than 3 m would be revealed during the period of mining the 4301(1) working face. Of which, the gap of the faults named DF79, DF54 and DF57 belong to 4-6.3m, so it has a significant influence on mining of the working face. The sealing property of faults is good, which result in that the methane flow and discharge condition is poor. Due to the stress rupture in the fault formation process, the associated structure of the faults is broken with abundant micro pores, joints and cracks. This provides the space for methane occurrence and contributes to rich concentrated zone of methane. (22, 23) Once affected by mining and blasting vibration, the methane will quickly move to the outside, release and form abnormal methane emission districts. In order to more effectively carry out methane prevention and control, it is necessary to determine the parameters of methane in methane enrichment area and forecast the methane emission in the process of mining. The results are shown in Table 1 and Table 2 . 
Coal spontaneous combustion characteristics
The coal sample was collected from the 3# coal seam, and the tendency of coal to spontaneous combustion was analyzed according to the "method for identifying tendency of coal to spontaneous combustion by oxygen absorption with chromatograph" (GB/T 20104-2006), the results were shown in Table 3 . The dry ash-free volatile of coal sample (Vdaf) was 37.33%, which is higher than the critical value of 18%. In this premise, the oxygen uptake amount (Vd) was 0.6 cm 3 /g, which falls within the scope of 0.4-0.7 cm 3 /g, so the classification level is II and the tendency is spontaneous combustion. (24, 25) A variety of gases would generate in the coal pyrolysis process. The lowest temperatures of generating them, the relationship between the coal temperature and gas generation quantity varies from coal quality to coal quality. (26) Therefore, selecting the suitable index gases through test can provide the prerequisite for early forecasting the spontaneous combustion of coal. The analyses of gases generation of 3# coal seam sample under programmed temperature were conducted using comprehensive tester of coal spontaneous combustion characteristics, and the results are shown in Fig. 1 and Fig. 2 . amount of C3H8 at 70℃ and the methane C2H6 emerged at 80 ℃. At the latest, the C2H4 appeared at 100℃ and then presented a regular changes. The C2H2 did not appear in the whole test process, so the generation temperature was higher than 200℃. Once the C2H2 generates, it suggests that the coal has happened violent chemical reaction. In conclusion, the gas CO should be taken as an indicator for forecasting, and supplemented by C2H4 and C2H2 for controlling coal spontaneous combustion.
The coexistence of methane emission and spontaneous combustion of coal
The 4301 (1) working face and 4303 (1) concentration in air return corner will easily exceed the limit, even the methane explosion will occur.
So it is necessary to seal the mining fractures behind hydraulic supports, the cavities of air return corner and intake airflow corner, and the fractures nearby the coal pillar. Fig. 3 The narrow coal pillar crushed by the mining stress Accelerator: the raw materials for preparing the accelerator included coal gangue, fly ash, limestone, and fluorite. The concrete chemical reactions were as equation (1) and (2) . The chemical composition of the accelerator is shown in Table 4 .
(1) (2) Fig. 5 The X-ray diffraction diagram of the cement sample 
Preparation process
The basic preparation process can be divided into three parts including mixing the composite slurry, The preparation system of ISF in field applications
The technical plan of site construction
The generating device of ISF and the self-made stirrer were placed in the air return roadway of 4303 (1) working face, 50 m away from the air return corner. The preparation system was accessed to the mine pressure air supply system and water supply system. The produced foam fluid was injected to respectively seal the mining fractures behind hydraulic supports, the cavities of air return corner and intake airflow corner, and the fractures nearby the coal pillar by the 4 inch main grouting pipeline and 2 inch branch grouting pipeline. As shown in Fig. 8 , two boreholes with 104mm in diameter were constructed and1 #, 2 # injection points were arranged after running the casing. The 3# injection point was set in the deep of the goaf near the coal pillar and the 4# injection point was set at the air return corner. Considering the possibility that the foam fluid may flow to the side of air return roadway, the waste rocks were packed and accumulated with the height of 1.5 m at the air return corner. The 5#, 6#, 7#, 8# injection points were arranged behind the hydraulic support every 30 m. Fig. 8 The technical plan of site construction
The main technical performance parameters
After the foam fluid material has diffused into ISF in the fractures, it can isolate oxygen for spontaneous combustion of coal. When it evolved to the solidified state, it is a porous material whose macroscopic properties are strongly related to the microstructure of the foam. Besides, for coal mining, especially long wall mining, stress in the surrounding rock is the superposition of in-situ, mining-induced and supporting stresses. As a fracture filling material, ISF also needs to be able to withstand mining pressure. The movement of site cover rock caused the change of abutment pressure round the site, which indicated that the ISF was under compressive loading with different strain rates.
So the main technical performance parameters for mining fractures filling are listed in Table 5 . After the foam fluids were injected into the fractures of coal pillar and goaf, its roles mainly include following three aspects: First, its ability of fracture penetration is strong and the air leakage will be isolated between the 4303(1) working face and the 4301(1) goaf. Second, the high temperature area in the goaf and coal pillar will be covered, cooled and oxygen insulated. At the same time, the ISF both belong to the pore structure materials no matter in the fresh state or after solidifying. The pore structure of the material itself has a very low coefficient of thermal conductivity, which can effectively block the spread of the hidden high temperature from fire area, inhibiting the regenerative heating to spontaneous combustion of surrounding float coal. Third, form the fresh fluid state to the solidified state, the ISF can consolidate the loose coal and rock. Its strength will increase by the more fully hydration reaction of the base materials as the growth of the time. (27, 28) So it can undertake the mining stress and effectively control the secondary deformation of the coal pillar for filling the fracture channel a long time. Therefore, in order to better reflect the intrinsic characteristics of ISF in the field application process, the targeted monitoring test of application effect was conducted. The mainly application effect consist of fracture filling and reinforcing, air leakage sealing, and index gases of coal spontaneous combustion inhibiting.
Fracture filling and reinforcing
(1) The layout and installation of borehole stress meter When embedding the pipe for injecting the foam fluids, the 1# borehole and 2# borehole were constructed at intervals of 1m nearby the outlet of pipe, and then stress meter was buried into. The length of 1# borehole and 2# borehole was 2.5m and 1m, respectively. The angle was level and the height was 1m away from the roadway floor. The layout and system connection of the borehole stress meter in coal pillar were as shown in Fig. 9 . collected and recorded in each shift, accounting for a total of three times a day. The data acquisition of borehole stress meter lasted for 12 days, as shown in Fig. 11 . Fig. 10 The actual effect of injecting the foam fluid into mining fractures Fig. 11 The data acquisition of borehole stress meter lasted for 12 days
As shown in the Fig. 11 , the overall trends of the 1# and 2# borehole stress are consistent, which can be divided into four stages. The first stage is downward, the second stage is relatively stable, the third stage is upward rapidly and the fourth stage is a fluctuant increasing process. Before the 4303 (1) working face advanced to the drilling location (Night shift, February 5), the stress values of 1# and 2#
borehole have been falling rapidly over time. Among which, the 1 # borehole stress reduced from the original 15.2Mpa to11.5Mpa and the 2 # hole stress reduced from the initial 14Mpa to 8.6Mpa. This is mainly because that initial layout position of the 1# borehole is 10 meters away from the working face.
With the working face advancing, the coal pillar bear more and more concentrated stress and the plastic 
Sealing the air leakage and control the methane emission
To observe the effect of sealing the air leakage after injecting the foam fluids, the readings of the u tube manometer installed in the sealing wall of 4301 (1) declined significantly to 0.86% and 0.28%, respectively, and the follow-up three days monitoring results show that the methane concentration has remained steady at 0.63% and 0.25% , respectively.
Inhibiting spontaneous combustion of coal
During the periods of February 4 to February 10, the methane sample in the 4301(1) goaf was collected into the bag by the automatic air exhaust pump. The methane composition of the methane sample was analyzed and the carbon monoxide concentration and oxygen concentration were listed in Fig. 14 .
Simultaneously, the carbon monoxide concentration in the air return corner was monitored as shown in from the original range of -30pa to 50pa. The concentration of CO and O2 in the 4301(1) goaf decline to 9ppm and 6% from previous 15.5% and 27ppm, respectively. The CO concentration in the air return corner finally reached a stable level of 6ppm from the range of 14-16ppm. What that all means, the foam fluids can seal the air leakage and inhibit spontaneous combustion of coal.
